Abstract. The paper presents a literature review of the efficacy of side passive safety in the event of lateral collision and the latest development of side airbag. According to the latest Global Status Report on Road Safety 2013, the total number of death every year due to road accident still maintained in a huge number of 1.24 million. Malaysia is one of the countries having highest estimated road traffic death rate of 25 per 100,000 populations. Moreover, 5% growth annually of fatalities rate forecasted. In general, lateral collision or side impact is the second most common vehicle crash type which takes almost 10,000 occupant deaths each year. Side airbags were introduced into vehicle firstly in 1995 in order to improve occupants' injury. It is statically proven that combination of head with thorax side airbag is very effective in reducing occupants' fatalities rate, however thorax only airbag is less significant. With the aid from Computer Aided Engineer (CAE) software, designer can further improve airbag design and optimize its performance in order to find the best combination of design parameter such as of area of air vent, Time-To-Fire (TTF), operating pressure of the inflator gas and many more, while design cycle time can be reduced significantly up to 40%. Nevertheless, people are afraid that side airbag deployment load may hurt children and small size female seated in Out-Of-Position (OOP). Researcher could resolve it by adopting the latest Computer Fluid Design (CFD) airbag simulation technique which have a better simulation result of OOP load, since CFD method provide more realistic airbag deployment simulations especially in the first few milliseconds which are significant in OOP test.
Introduction
Referring to the latest Global Status Report on Road Safety 2013 from World Health Organization (WH), fatalities in road accidents maintained in an unacceptable huge number of 1.24 million people every year despite of the improvement showed in eighty-eight countries in fighting to reduce the fatalities [1] . Furthermore, the report found that highest road accident fatality rate is in African region recorded 24.1 deaths per 100,000 population, followed by Eastern Mediterranean, Western Pacific, South-East Asia and regions of the Americas; while European Region achieved the lowest fatalities rate in road accident where 10.3 deaths per 100,000 population recorded. From the report, it discovered that 31% of deaths are vehicle occupants while half of it is "vulnerable road users" such as motorcyclists, pedestrian and cyclists. If current road traffic fatalities rate trend persisted, WHO predicted that it will rise to the fifth leading cause of death of human being by 2030, instead of the eighth leading cause recorded currently.
As revealed in the report of Fatality Facts 2011, Passenger Vehicle Occupants in State of America (USA) from Insurance Institute for Highway Safety (IIHS), a total of 32,367 peoples killed in car accident in year 2011 where 21,347 or 66% are passenger vehicle occupant while 34% indicated as other deaths [2] . It is the lowest road traffic death recorded in USA since 1949. Nevertheless, IIHS noticed that the distribution trend of 66% peoples involved in passenger vehicle accident has changed owing to the popularity of the sport utility vehicle (SUV) and pickups in USA. Referring to statistic in 1975, car occupant deaths have declined 51%, while pickup occupant deaths raised 15 percent and SUV occupant deaths increased tremendously to 9 times as compared.
In Southeast Asia, Thailand and Malaysia are those countries having highest estimated road traffic death rate per 100000 population, which scored 38.1 and 25.0 [1] . Furthermore, Sarani et al. [3] from Malaysia Institute of Road Safety Research (MIROS) forecasted the number fatalities from road accident in Malaysia will increase with 5% growth rate annually from 6872 in 2010 to 8760 in 2015 and 10,716 for the year 2020. Among the death recorded, motorcyclists are the highest contributor to road traffic fatalities at 59% of the total, followed by vehicle occupants 26% while pedestrians and cyclists at rate of 9% and 3%. Whereas in crashes involved vehicle, Abidin et al. [4] found that the most severely crash type causing vehicle occupant death in Malaysia is head-on crashes while most severely injured plus death in rollover crashes.
In general, lateral collision or side impact is the second most common vehicle crash type which takes almost 10,000 occupant deaths each year [5] . It accounted nearly 31% of the total fatal accident in USA as reported by Bedard et al. [6] , whereas Fildes et al. [7] recorded 25% vehicle casualties and 28% of fatalities in Australia. Although side impact collision is less in term of percentage; indeed Braver et al. [8] and Laberge-Nadeau et al. [9] suggested that side impact collisions have higher risk to vehicle occupants, due to the limited crumple zone between occupant and vehicle structure during the event of crash. It will cause serious injury in thorax, abdomen and head. Insurance Institute for Highway Safety [5] realized that head injury is the main cause of death of occupants in the event of lateral collision; almost 51-74% victims lost their life in single vehicle side impacts and 41-64% in multiple-vehicle side impacts.
Passive Safety: Side Airbag
Side airbags are invented firstly in 1994 in order to improve occupants' injury from lateral collision [10] . During side crash, airbag installed between door panel and occupants will be inflated within 10ms to protect occupant from the intruding door panel. A reducing of 25% of thorax injury is predicted with the existence of side airbag during the impact [11] . Another new kind of creative airbag, side curtain airbag, was launched in 1998 to enhance head protection and occupant mitigation for both front and rear seat occupants in a lateral collision [10] . Side curtain airbag mounted at b-pillar upper trim will inflate between the occupant and the window, helps occupant avoid from hitting to hard object in the crash. Nowadays, side airbags is installed in most of the modern car with the aim of reducing occupants' injuries. However, it is still consider as an optional equipment in most of the mid-income countries although various kind of side airbags are available in market, they are thorax, thorax-pelvis, head-thorax and curtain airbag which are reachable from manufacturer for instance Takata, Autoliv, TRW and many more.
Henceforward, many other types of innovated airbag and passive safety are expected such as knee airbag, pedestrian airbag, seatbelt airbag, hood lifter and many more are soon to be introduced in the market.
Effectiveness of Side Airbag in Lateral Collision
When it came to near-side lateral collision, Liu et al. [12] and finds that the highest risk of injury happened in thorax (61%), followed by pelvis (35%) and head (31%). Through the sufficient improvement on vehicle structure crashworthiness and usage of side airbag, it can reduce occupant risk of injuries in side crashes significantly. Indeed, many other researchers also have similar findings said; side airbags are effective to provide better occupant safety during side impact.
When McGwin et al. [13] analyzed statistical data of front row occupants' injuries involve vehicle produces from 1998 onward in near side lateral collision, which is collected by The National Automotive Sampling System (NASS) Crashworthiness Data System (CDS), a crash data collection center sponsored by the USA, they believe side protecting system could reduce head injuries by 75% while 68% of thorax injuries compare to vehicles without side airbag. In another indeep study did by McCartt et al. [14] , they noticed fatalities rate of occupants of passenger car and SUV can be reduced 26% and 30% with present of thorax airbag only. It can be further improved to 37% & 50% of reduction in death rate with additional of head protecting airbag. Therefore, they concluded side airbags are considerably in reducing the risk of passenger of car and SUV death, which caused 2,000 lives each year in USA.
In Victoria, Australia, D'Elia et al. [15] studied the injury information from insurance injury compensation claims data linked to Police department; they found that head plus thorax dual airbags Applied Mechanics and Materials Vol. 564are significantly in reducing occupant death and injuries. In term of statistically figure, a reduction of 41.1% in the risk of death or injury across all body regions; and 48.0% reduction in the risk of death or injury to the head, neck, face, chest and abdomen recorded. Conversely, D'Elia et al. [15] found that single thorax airbag are not effective in reducing occupants' death or injury. However, Braver and Kyrychenko [8] agreed that head plus thorax side airbag is very effective in reducing occupants' fatalities rate, after computed the risk ratios for occupant fatalities involved in side impact crash during 1999 to 2001 happened in the United State.
By applying a simple assessment method on star rating result published in US side impact New Car Assessment Program (NCAP), Samaha et al. (2003) [16] convinced that side airbag fitted inside vehicle will improve overall thoracic and pelvic protection for occupant in lateral collision. Her findings has been verified by Yoganandan et al. [17] in their research on comparison of 7,812 side impact crashes vehicles with side airbag happened in the 1997 to 2004 with the findings with data from side crashes without side airbag. They concluded reduction of head injuries was found.
Risk of Side Airbag to Out-of-Position Occupant
When the quantity of side airbag installed in modern vehicle increased, researchers started concerning about the injuries caused by side airbag deployment itself with occupant in Out-ofPosition (OOP) especially to child and small female. Consequently, Technical Working Group (TWG) introduce a guideline and recommended procedures for evaluating occupant injury risk from deploying side air bag.
Prasad et al. [18] published a series of testing result in 2002; evaluating side airbag performance with 3 years old and 6 year old dummy in OOP on few types of car manufactured in 1999-2000. OOP test was set-up according to procedure written in TWG. High injuries observed on above said test specifically vehicles with door mounted airbags and seat mounted head-thorax combination airbags. 80% and 60% of 3 year old and 6 year old dummy's injury result exceeded Injury Assessment Reference Values (IARV) suggested by TGW. But, Arbogast et al. [19] suggests that the risk of children injury caused by airbag deployment is relatively small with only 10.6% sustaining severe injury from side crashes. Nevertheless, children are experience upper extremity fractures and concussion with brief loss of consciousness from airbag loading.
Besides that, Duma et al. [20] conducted 6 experiments using small female cadaver to evaluate small female upper extremity response with loading from deployment of side airbag. 100% small female cadaver found injuries in upper extremity including "comminuted mid-shaft humerus fractures, osteochondral fractures of the elbow joint surfaces, a transverse fracture of the distal radius and an osteochondral fracture of the lunate carpal bone" [20] . Nonetheless, Duma et al. [21] did not discover serious injuries neither in head nor neck associated with the thorax side airbag deployment with OOP small female cadaver. [22] , they reported that 97% of the tests conducted conform to the IARV recommended by TWG although OOP test for SAB still is not a regulated requirement at that time. It is a great initiative move taken by car manufacture to secure occupants' from serious injuries due to the deployment loading.
Future Development of Side Airbag
Since the first vehicle side airbag invented in 1994 and side curtain airbag introduced in 1998 [10] , dozens of improved and better version of side airbag patterns filed every year in worldwide by those dedicated to prevent occupants life from taken away by the merciless accident.
Computer Aided Engineering (CAE) software are used widely by the designer and researchers as a tool to analyze the product performance at components and systems level, instead of physical prototype testing conventionally. By using CAE software, Madymo, Hallman and his team [23] are able to study relationship between occupant thorax injury risk against impact velocity and occupant distance in side impact with thorax airbag deployment. Hallman et al. [23] studies shows that
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Advances in Mechanical and Manufacturing Engineering occupant injury risk raised if impact velocity increased. Furthermore, highest injury recorded at closest distance between occupant and side airbag regardless of impact velocity. Another research team, Deng et al. [24] used Finite Element Analysis (FEA) method to simulate full scale vehicle side impact crash with a side curtain airbag based on a Dodge Neon model to determine the influence of occupant head injury by different variables such as airbag to head separation distance, Moving Deformable Barrier (MDB) strike velocity, time to fire (TTF) of airbag, initial airbag inlet temperature and number of computational particle employed in the model. From the studies, they succeed to prove that MDB strike velocity is the most influential variables of occupants' Head Injury Criteria (HIC36) and the peak head acceleration values among other mentioned above [24] . With the aid from CAE, whole design optimization process timing had been shorten tremendously. About 40% of reduction in time for the project did by Wakode et al. [25] in order to find the best combination of design parameter of area of air vent, TTF and operating pressure of the inflator gas.
In 2011, Dix et al. [26] presented their study of the roles of the seatbelts and side curtain airbag in mitigation ejections requirement (FMVSS 226) by using computer simulation in Madymo in SAE World Congress & Exhibition, Detroit, Michigan, United States. Seatbelt was effective to restraints occupant kinematic movement whereas side curtain airbag may be further reduce to risk of occupant ejection through the side window, Dix et al. [26] reported. Moreover, they also analyze the stiffness of side curtain airbag in a simulation study; they agreed with the National Highway Traffic Safety Administration (NHTSA) direction to reduce the test speed for the 1.5 second delay ejection mitigation test to 20 km/h since it still providing sufficient protection for ejection mitigation.
As mentioned earlier, utilization of CAE software is become popular among the researcher. It allows them to have better understanding on the physical phenomena happens during airbag deployment. By using the latest computational fluid dynamics (CFD) airbag simulation methodology, Hoffmann et al. [27] could determine the effect of parameters for instance airbag cushion geometry, folding pattern and direction of inflated gas jet, to the injury values of a OOP 5th percentile dummy during deployment of a driver airbag accurately . Ruff et al. [28] and Haufe et al. [29] also agreed that CFD did provide more realistic airbag deployment simulations especially in the first few milliseconds which are significant in OOP test.
On the other side, Al-Samarae et al. [30] believed in Uniform pressure (UP) method is an adequate technique for simulation airbag deployment in OOP cases. However, it may need more effort in setting up the simulation model. The risk of injury of OOP dummy from thorax side airbag with various occupant impact velocity vary from 6-9m/s was simulated and evaluated by Hallman et al. [31] using UP technique. Full-chest compression criteria (%C) and viscous criteria (VC) were analyzed; eventually they are stratified with the predicted result from simulation.
Recently, Potula et al. [32] using CFD simulation method, called smooth particle hydrodynamics (SPH) in LS-Dyna to evaluate the safety of occupant when side curtain airbag deployed either occupant is in-position or OOP. Referring to the above case studies, it is proven that advanced CAE technique may help researcher to have in depth investigation on the interaction between of automotive airbag and occupant in different OOP conditions.
Conclusions
Side passive safety protection system introduced to passenger vehicle in 1995 with the intention of reducing occupants' fatalities rate. In fact, many researchers find that side airbags are effective. Nevertheless, people find that side airbag deployment load may hurt children and small size female seated in OOP. Through the testing guideline of OOP from TWG, vehicle manufacturer were able to improve side airbag performance accordingly.
CAE software is used widely by the designer and researchers as a tool to design the airbag at initial stage and optimizing its performance at later phase. By adopting latest CFD airbag simulation methodology, simulation result of OOP load case are more accurate, since CFD method provide more realistic airbag deployment simulations especially in the first few milliseconds which are significant in OOP test.
